The Hemodynamics of Oddball Processing During Single-Tone and Two-Tone Target Detection Tasks
The neural systems underlying processing of low probability target stimuli have been studied for over four decades. The impact of salient stimulus processing on brain electrical activity was first described by Sutton et al. (1965) , who demonstrated that infrequently-presented task-relevant stimuli ("oddballs") produce a sequence of time-locked electrical components, the most prominent of which is a large positive potential that peaks approximately 300 milliseconds following the stimulus onset. This late event-related potential (ERP), termed the P300 or P3, is thought to reflect stimulus evaluation/categorization, and cognitive processes necessary to update mental models of context within working memory (Donchin & Coles, 1988) . Since Sutton et al's seminal study, numerous reports have been published that detail how contextual manipulations in the oddball paradigm (e.g., manipulations of stimulus probability, inter-trial interval, sensory modality, etc.) modulate the latency, amplitude or topographic distribution of the P3 .
One contextual manipulation to the oddball task is to alter the number of stimulus classes presented within the task. Researchers most commonly use oddball tasks having either twostimulus classes (low probability targets juxtaposed with frequent standards) or three-stimulus classes (low probability target and novel/distracter stimuli, and frequent standard stimuli).
However, it has been shown that the P3 response also can be elicited using a single-stimulus task (Polich et al., 1994) . In a single-stimulus task, the participant is simply required to detect the presence of a tone stimulus (which generally occur 3-15 seconds apart). In a two-stimulus task, the participants must discriminate the oddball (low probability targets) from standard stimuli.
These latter stimuli usually differ in some context (such as frequency, size, duration, etc). In the three-stimulus task, the discrimination becomes slightly more difficult as novel/distracter stimuli typically are distracting and require more attentional resources to process. Comparisons of the ERP components elicited by oddball tasks with different numbers of stimulus classes suggest that some ERP components are modulated by task context while others are not. For example, one study (Katayama & Polich, 1996) compared P3 amplitude and latency in single-, two-, and three-tone auditory oddball tasks, keeping constant both the physical characteristics and the probability of occurrence of the target stimulus. They found no differences in P3 amplitude between task conditions at midline leads. However, the N1 amplitude was larger and N1 latency longer in the single tone condition than in the two-tone condition. Additionally, the P2 and N2 amplitudes were significantly more positive in a single-tone compared to two-or three-tone oddball conditions. These effects were interpreted as resulting from the longer 'effective' interstimulus interval in the single-tone condition compared to the two-tone and three-tone conditions. The inter-trial (or inter-target) interval is known to be positively correlated with the amplitude of the N1, but not the P3, in single-tone tasks (Polich & Starr, 1983) , which is thought to be related at least in part to the direction of attention towards eliciting stimuli. There also was evidence for a shorter P3 latency in the single-tone condition compared with two-tone or threetone tasks, which may reflect an absence of stimulus discrimination or the relative ease of the single-tone task relative to the other tasks. The results were interpreted as support for the idea that the target-elicited P3 is produced by similar neurocognitive mechanisms, with little modulation due to these contextual manipulations. This conclusion is supported by several other studies which did not observe any differences between conditions in the amplitude and latency of the P3 when comparing single-and two-stimulus oddballs (Polich et al., 1994; Polich & Heine, 1996) . However, one study (Polich & Margala, 1997) noted that probability modulated P2 and N2 in the single-stimulus task. As target probability decreased, there were greater differences in P2 and N2 amplitude. In this study, the greatest P2/N2 difference between single-and two-tone tasks appeared in low target probability conditions (i.e., 10% of trials in the two-tone task and identical target tones in the single-tone task as opposed to target probabilities between 20 to 50%).
The neural generators of scalp-recorded ERPs elicited during target stimulus processing have been examined using depth-electrodes. In these studies, target stimuli produced activity in the ventral frontotemporal cortices, superior temporal sulcus, posterior parietal cortex, and the hippocampus, suggesting that these areas are neural generators associated with target-elicited P3 ERPs (Baudena et al., 1995; Halgren, 1980; Halgren et al., 1995a; Halgren et al., 1995b; Halgren et al., 1998) . Halgren and colleagues concluded that widespread brain activation involves integration of stimulus processing and context, which is necessary for the online monitoring of performance. ERP source localization studies suggest that the P3 is localized to the bilateral prefrontal cortex, parietal-occipital junction, and parietal lobe, while the N1 is localized predominantly to bilateral auditory cortex, with some evidence supporting additional sources in the prefrontal cortex (Anderer et al., 1998; Giard et al., 1994; Halgren et al., 1995a; LiegeoisChauvel et al., 1994) . Functional magnetic resonance imaging (fMRI) studies have confirmed and extended these findings Casey et al., 2001; Clark et al., 2001; Clark et al., 2000; Kiehl et al., 2001a; Kiehl et al., 2001b; Kiehl & Liddle, 2003; Kiehl et al., 2005; Kirino et al., 2000; Linden et al., 1999; McCarthy et al., 1997; Menon et al., 1997; Opitz et al., 1999; Stevens et al., in press; Strange & Dolan, 2001 ). These studies report that target detection elicits widespread cortical and subcortical activation, including multiple foci in the prefrontal, temporal, parietal and occipital lobes, and subcortical sites. It is noteworthy that changes in stimulus probability or inter-stimulus interval in fMRI oddball tasks have effects on targetelicited hemodynamics that are analogous to the effects on the P3 component following similar manipulations (Casey et al., 2001; Clark et al., 2001; Horovitz et al., 2002) . This suggests that much of the brain activity detected using fMRI corresponds to that associated with the P3 component. The consistency of fMRI target-related findings with ERP research suggests that Katayama & Polich's (1996) conclusion that similar neural generators produce target-related brain activity regardless of the number of stimulus classes included in the task also may apply to many aspects of the hemodynamic response data, insofar as fMRI captures the same neurocognitive processes that produce the ERPs in electrophysiology. Certainly, simultaneous recording of fMRI-measured hemodynamics and EEG shows a close relationship between the blood-oxygen-level-dependent (BOLD) signal and local field potentials reflecting synaptic activity to individual events (Logothetis et al., 2001 ).
The purpose of the current study was to use fMRI to examine whether contextual manipulation of the number of stimulus classes modulated the hemodynamic activity elicited during auditory oddball processing. Hemodynamic activity was examined in a group of participants who performed both a two-stimulus version of the oddball and a version containing only targets (single-stimulus) (Polich et al., 1994; Polich & Heine, 1996; Polich & Margala, 1997) . The first aim of this study was to determine whether the brain areas previously activated by target detection during a three-stimulus oddball task (Kiehl et al., 2001a; Kiehl et al., 2001b; Kiehl & Liddle, 2003) also were activated by the different contextual task manipulations. It was hypothesized that target stimuli would elicit hemodynamic activity in the same diverse, spatially distributed neural network implicated in previous depth electrode and three-stimulus fMRI oddball studies. A second goal was to compare the magnitude of activation in single-tone and two-tone fMRI tasks. As reviewed above, ERP studies suggest that the N1, N2 and P2 amplitude differ between the two tasks. Thus, it was hypothesized that hemodynamic activity in brain regions known to be sources for the N1 will be modulated by the contextual manipulation.
Specifically, it was predicted that auditory cortical areas in the temporal lobe and bilateral prefrontal cortex would show greater hemodynamic activity for the single-tone than the two-tone conditions. Specific hypotheses were not made linking single-tone and two-tone N2 and P2 to specific anatomical regions because the precise location of the sources of the N2 and P2 components remains controversial (Siedenberg et al 1996) .
Methods

Participants
Participants were 20 healthy right-handed volunteers (10 men) with a mean age of 31.1 (SD 8.54 ). Participants were recruited via posted advertisements, presentations at local universities and word-of-mouth at The University of British Columbia (UBC), Vancouver, BC.
Participants provided written informed consent in protocols approved by the institution's governing Institutional Review Board responsible for participant protection and ethical conduct of research. All research procedures were conducted in adherence to ethical standards required for human subjects protection.
Procedure
Two versions of the auditory oddball task were used that differed in the overall number of stimulus classes presented to the participant. In each task version, participants were presented with two runs, each containing 24 target tones of 1500 Hz, yielding a total of 48 targets per each experimental condition. In the single-tone task, the target tones were accompanied by silence (i.e., no other stimuli). For the two-tone task, 220 1000 Hz tones were added as frequent, or 'standard' nontargets. Target stimuli occurred with a probability of approximately 11% in the two tone condition. Target stimulus characteristics and target-to-target onsets were the same in both conditions. Polich and colleagues have shown that .10 target probability is best for eliciting ERP differences between single tone and two tasks (Polich & Margala, 1997) . The stimulus duration in each task was 200 msec, with a 2000 msec stimulus onset asynchrony (SOA) in the two-tone condition. The intervals between targets were allocated in a pseudo-random manner in the range 6-10 seconds so as to ensure that these stimuli had equal probability of occurring at 0, 1, and 2 seconds after the beginning of a three second image acquisition period. As a result, the hemodynamic response to each type of stimulus of interest was sampled uniformly at 1 second intervals. A custom visual and auditory presentation package (VAPP; http://www.psychiatry.ubc.ca/sz/nilab/software/vapp) was used to closely control the stimuli presentation timing. The two sessions were presented to the participant by a computer-controlled auditory sound system that delivered the auditory stimuli with insert earphones embedded within 30 dB sound attenuating MR compatible headphones. All participants reported that they could hear the stimuli and discriminate them from the background scanner noise.
In both conditions, participants were instructed to respond as quickly and as accurately as possible with their right index finger every time the target tone occurred (and not respond to the standard nontarget stimulus in the two-tone condition). Prior to beginning the task, each participant performed a 20 second practice trial to ensure understanding of the instructions. A commercially available MRI compatible fiber-optic response device (Lightwave Medical, Vancouver, BC) was used to acquire behavioral responses. Stimulus events and behavioral responses were recorded and monitored online using software run on a separate PC. Reaction times were computed on trials for which the participant responded correctly within 1500 ms post-stimulus. Omission errors included any missed target tones or any response with a latency of greater than 1500 ms following the onset of the target stimulus. The order of task administration was counter-balanced across participants.
Imaging parameters
Imaging was implemented on a GE 1.5T system fitted with an Horizon Echo-speed upgrade. The participant's head was firmly secured using a custom head holder. Conventional spin-echo T 1 weighted sagittal localizers were acquired for use in prescribing the functional image volumes. Functional image volumes were collected with a axial gradient-echo sequence (TR/TE 3000/40 ms, flip angle 90°, FOV 24 × 24 cm, 64 × 64 matrix, 62.5 kHz bandwidth, 3.75 by 3.75 mm in plane resolution, 5 mm slice thickness, 29 slices) effectively covering the entire brain (145 mm). The two stimulus runs each consisted of 167 time points, including a 12 second rest session at the beginning that was collected to allow for T 1 effects to stabilize. These initial images were not included in any subsequent analyses.
Image processing
Functional images were reconstructed offline and each session was realigned using INRIAlign (Freire & Mangin, 2001; Freire et al., 2002) 
as implemented in Statistical Parametric
Mapping (SPM99). Translation and rotation corrections were less than 1.5 mm and 2.0 degrees for every participant. A mean functional image volume was constructed for each participant for each run from the realigned image volumes. This mean image volume was then used to determine parameters for spatial normalization into the modified Talairach space (i.e., Montreal Neurological Institute (MNI) space) employed in SPM99. The normalization parameters determined for the mean functional volume were then applied to the corresponding functional image volumes for each participant. The normalized functional images were then smoothed with a 12 mm full width at half-maximum Gaussian filter. In addition, the data underwent a fifthorder IIR Butterworth low-pass filter of 0.16 Hz to remove high frequency noise associated with alterations in the applied radio frequency pulses.
fMRI Statistics Event-related responses to stimuli were modeled using a canonical hemodynamic response function (Josephs & Henson, 1999) and temporal derivative. The temporal derivative was employed to account for small variations in peak latency. The hemodynamic response elicited by target stimuli in each session was modeled by entering stimulus onset timings for only those events that each participant responded to correctly (e.g., targets with correct button-presses within 1500 msec, and correctly ignored standard/nontarget stimuli in the two-tone condition). Thus, every participant had an fMRI timeseries model specific to his or her behavioral response patterns. The number of error trials was small (less than 1 % of all trials); therefore, error events were not explicitly modeled.
Because each participant performed both task conditions, single-tone and two-tone data were entered into a single fixed-effects model and a single multiple regression model was calculated for each subject. Target amplitude and target temporal derivative were modeled for the single-stimulus session. Target amplitude and temporal derivative, standard stimulus amplitude and temporal derivative were modeled for the two-tone sessions. In the two-tone condition, standard nontarget stimuli were presented at the rate of once every 2 seconds with the object of maintaining a sustained hemodynamic response that did not vary substantially throughout the task. In this condition, the response to the standard stimuli was explicitly modeled for contrast to the target-elicited activity.
1 For the single-tone task, the baseline constituted the periods between stimuli. A high pass filter (cutoff period 32 seconds) was incorporated into the model to remove noise associated with low frequency confounds (e.g., respiratory artifact) for both single-tone and two-tone data.
Images containing the amplitude of the hemodynamic response and its temporal derivative for target stimuli in each condition were created. In order to reduce the impact of spatially varying hemodynamic delays and delays due to slice timing differences, the true amplitude of the hemodynamic response, which is a function of both the non-derivative and derivative terms, was calculated (Calhoun et al., 2004 ). These latter images were then entered into a random-effects analysis model. A region of interest (ROI) approach was used to determine whether the single-and two-tone tasks activated the same areas identified in previous work with a three tone oddball task (Kiehl et al., 2001b) . Thirty-four spherical ROIs (clusters of 2.112 cm 3 ; 8 mm radius) were defined and centered at the location reported in previous work (Kiehl et al., 2001a; Kiehl et al., 2001b; Kiehl & Liddle, 2003; Kiehl et al., 2005) . One-sample tstatistics for each ROI for single-tone and two-tone conditions are reported as the maximum tscore within a priori ROIs. Statistical significance of activity within the ROIs was maintained below an alpha of .05 using small volume correction (Worsley et al., 1996) and the false 1 A supplemental analysis was performed in which the standard stimuli in the two-tone condition were not explicitly modeled (as was done in Kiehl et al., 2001a) . In this latter model the standard stimuli were assumed to form a relatively constant baseline. Analyses with and without modeling the standard stimuli in the two-tone condition yielded comparable results. However, it is currently preferred to model all classes of stimuli in SPM analyses. Thus, we present in the manuscript the analyses with the standard stimuli modeled in the two-tone condition.
discovery rate (Nichols & Hayasaka, 2003) . 2 Relatively small clusters were used to prevent overlap for those ROIs that were close together; one ROI from previous work (Kiehl et al., 2001b) ; located in the right temporal pole was excluded because of such overlap.
To address the question of whether there are differences in the amplitude of the hemodynamic response elicited in the single-and two-tone conditions, a supplementary analysis examining the entire brain was done. For these post hoc tests, a correction for multiple comparisons used the False Discovery Rate to control Type I error (Nichols & Hayasaka, 2003) .
For ease of visualization, the t-score results of random effects analyses were converted to a color scale and superimposed on the T1-weighted image of the brain of a single adult included with SPM99.
Results
Behavioral Performance
A paired sample t-test showed that participants were on average 36 msec faster to respond for single-tone target stimuli (mean 336 msec, SD 84) than for two-tone target stimuli (mean 372 msec, SD 58); t 19 = -2.923, p < .01). There were no differences in accuracy between conditions (percentage of correct hits for single-tone: 99.5%, SD 1.49%; two-tone: 99.9%, SD 0.47%); t 19 = -1.710, ns).
Imaging Data
Consistent with predictions, target detection was associated with significant activation in all 34 ROIs for both the single-tone and two-tone conditions (see Figures 1 and 2 , respectively; see also Table 1 ). Also consistent with predictions, single-tone target detection elicited greater There were no areas of greater two-tone activation relative to single-tone.
Discussion
This study illustrates that a large ensemble of brain regions, known to be involved in target detection during three-tone auditory oddball tasks (Kiehl et al., 2001a; Kiehl et al., 2001b; Kiehl & Liddle, 2003) , also are engaged by target detection in single-and two-tone auditory oddball paradigms. Target detection in both single-tone and two-tone fMRI auditory oddball tasks elicited significant hemodynamic activity in all 34 a priori-defined regions of interest (ROIs). These data confirm that target detection across task contexts elicits activity in a similar widespread, distributed neural network. Halgren and others (Halgren, 1980; Halgren et al., 1995a; Halgren et al., 1995b) have argued that this distributed, perhaps reflexive, response to salient stimuli may be 'adaptive' in an evolutionary sense. That is, it is likely that activating many potentially useful areas during salient stimulus processing, despite the low probability these regions are necessary for performance, may lead to superior incidental learning, memory and performance. This extensive network of brain regions associated with target detection may be similar to the attention network discussed by Mesalum (Mesulam, 1990; Mesulam, 2000) .
Others have suggested that processing salient stimuli is associated with an 'reflexive' or 'automatic' orienting process that is reliably activates an extensive neural network despite the low probability that all activated brain regions are required for successful task performance (Kiehl et al., 2001a; Kiehl et al., 2001b; Kiehl & Liddle, 2003; Kiehl et al., 2005) .
Also consistent with study hypotheses, target detection was associated with greater hemodynamic activity during the single-tone condition compared to the two-tone condition in bilateral middle temporal gyrus, inferior frontal and middle prefrontal gyri. These findings are consistent with electrophysiological and magnetoencephalogram studies of single-, two-and three-tone oddball tasks. Previous EEG and MEG studies have shown that the amplitude and latency of the N1, N2 and P2 are differentially modulated by single-tone compared to two-tone target stimuli (Katayama & Polich, 1996; Polich & Margala, 1997) . Some of the differences in hemodynamic activity between single-and two-tone tasks correspond to source localization studies of the N1 generators. These generators are believed to be located in bilateral middle and superior temporal gyrus, and bilateral inferior and middle frontal gyrus (Anderer et al., 1998; Tarkka et al., 1995; Yamazaki et al., 2000) . A link between hemodynamic activity in these brain areas and the N1 ERP also are found in several recent studies that have tried to link hemodynamics (Horovitz et al., 2002; Liebenthal et al., 2003; Linden et al., 1999; Menon et al., 1997; Opitz et al., 1999) or event-related magnetic fields (Siedenberg et al., 1996) to the early ERP components observed in oddball paradigms. A simultaneous EEG/MEG study found that N1 waveforms during two-tone auditory oddball rare target detection was similar in both ERP and MEG, and were localized to temporal lobe regions (Siedenberg et al., 1996) . It is important to note that the N1 ERP may consist of as many as three spatiotemporally-distinct components.
In addition to previously well-described temporal and frontal sources (Giard et al., 1994) , these include a non-specific cortical response most detectable in vertex EEG recordings (Naatanen & Picton, 1987) . This component is thought to reflect an attentional triggering mechanism (Naatanen & Picton, 1987; Naatanen et al., 1992) and has been interpreted to represent the orienting response (Budd et al., 1998) . Opitz et al. (1999) found that hemodynamic activity in bilateral temporal gyri was correlated with the amplitude of the N1 elicited during a mismatch negativity (MMN) paradigms for both attended and unattended deviant stimuli. Linden et al. (1999) interpreted hemodynamic activity in the temporal lobe as relating to the process of updating memory of the auditory input sequence, and possibly related to ERP components that occur earlier than the P3.
Because several ERP studies have found no differences in the amplitude of the P3 in these conditions, it is unlikely that differences in the amplitude of the hemodynamic response between single-and two-tone oddball performance can be explained within the context of working memory and contextual updating cognitive processes commonly offered as the interpretation of oddball-task P3 results (Donchin & Coles, 1988) . Therefore, the most parsimonious cognitive interpretation of the differences in the amplitude of the hemodynamic response between conditions in this study is that they likely are related to cognitive processes proposed to describe the early and middle-latency potentials N1, P2 and N2. Polich and colleagues interpret early ERP component modulations as relating to the variability in interstimulus intervals on these components (reviewed in Polich & Starr, 1983) . Specifically, it has been argued that increases in inter-stimulus interval across the range of approximately 2 to 10 seconds also increases N1-P2 amplitudes (Polich & Starr, 1983) . It is possible that the longer effective ITI in the one-tone task relative to the two-tone task leads to a greater capture or orienting of attention for long as opposed to short ITIs. Research has consistently shown that directing attention to a stimulus modulates the N1-P2 amplitude (Hillyard et al., 1973; Okita, 1979; Picton et al., 1971) . Because of the absence of a standard stimulus in the single-tone task, it is possible that more 'effectively' rare stimuli elicit a larger attentional (i.e., orienting) response than is elicited by two tones. Recall that one putative spatiotemporally-distinct component is a non-specific cortical response most detectable in vertex EEG recordings (Naatanen & Picton, 1987) that is thought to reflect an attentional triggering mechanism (Naatanen & Picton, 1987; Naatanen et al., 1992) akin to an orienting response. Therefore, it is possible that the greater hemodynamic activity observed in the single-tone task represents the manifestation of greater automatic attentional modulation denoted by this particular N1 subcomponent.
Currently, there is little information available to link oddball task hemodynamics to the N2 and P2 ERPs. As noted above, studies attempting to localize brain function associated with the N2 and P2 have inconclusive results (Siedenberg et al., 1996) , often because earlier ERP components are not examined, or because the experimental manipulations do not modulate N1, P2, or N2 (Horovitz et al., 2002) . Thus, it is not currently possible to conclusively link N2 and P2 components to neural activity in specific brain areas, or to attribute cognitive properties reflected by N2 or P2 to neural activity within specific brain regions. Also, with the exception of a source localization study (Tarkka & Stokic, 1998 ) most previous studies of ERP components comparing single-and two-tone tasks typically recorded from midline sites only (i.e., Fz, Cz, and Pz), which limits the ability to spatially map potential differences in conditions. Visual inspection of the Tarkka & Stokic (1998) waveforms indicates that P2/N2 ERPs at lateral central sites appeared to be more positive in the single-tone than the two-tone task (Katayama & Polich, 1996) . It is also noteworthy that P3 activity may be linked to medial temporal lobe generators (Halgren, 1980) . Therefore, it is plausible that modulations in hemodynamic activity in the temporal lobe could be ascribed to any of the N1, P2, N2, and P3 ERPs. Moreover, Halgren has argued that the N2a/P3a/SW complex from intracranial recordings links diverse brain areas into a multilobar functional neural network, all of which are proposed to represent the function of an orienting response (Halgren & Marinkovic, 1996) . Thus, at the present time, it is not possible to definitely state whether the hemodynamics are related to one or another ERP 'component.'
While it is temping to conclude that the differences in hemodynamics between single-tone and two-tone targets are related to early ERP components, this interpretation should be tempered by the fact that few studies have employed dense spatial arrays to completely map all relevant ERP responses in these tasks, either because a full topographic array was not employed and/or statistical results were not reported for all components in most previous single-tone and two-tone studies. It remains possible that the P3 elicited by single-tone targets may differ from that elicited by two-tone targets at scalp locations not previously examined. In addition, it could be argued that N1, P2, and N2 ERPs are unlikely to contribute much to the overall fMRI response in many brain areas since they represent a small fraction of time of the overall fMRI response.
However, in a brain region that is associated mainly with the early phases of cortical processing, it would be expected that the neural activity associated with the earlier ERP components would make a larger contribution than the neural activity associated with P3, which is a larger component with greater overall duration. Linking specific ERP components to profiles of hemodynamic change is complicated by the relatively slow temporal resolution of the hemodynamic response. Because the exact correspondence between fMRI and ERP signals remains unclear and is a matter of active research, the degree to which these ERPs contribute to localized hemodynamic change is not certain.
It might be considered surprising that regions in the basal ganglia, occipital lobe, and cerebellum were found to differ between single-and two-tone task conditions. It is not clear whether the hemodynamic activity in these areas reflects neuroelectric activity captured in specific N1, P2 or N2 ERP components (Polich & Margala, 1997) . It is plausible that future source localization studies of ERP components may find these latter locations useful in deriving new dipole modules. With regard to the functional significance of these specific areas of greater amplitude of the hemodynamic response in the single-tone condition, previous research suggests possible relationships between target detection and these regions. Patients with radiologically identified right-sided basal ganglia lesions frequently (Ferro et al., 1987) , though not reliably (Vallar & Perani, 1986) , display left unilateral attentional neglect. This implicates the basal ganglia in attention, possibly the subcortical regulation of attention or attentional switching. The greater cerebellar activation in the single-tone condition might reflect higher cognitive and motor coordination demands associated with the significantly faster responding in the single-tone task.
Lastly, previous ERP studies have localized a visual oddball-elicited N1 to areas of temporaloccipital cortex (Yamazaki et al., 2000) , suggesting that modulation of occipital cortex activity by the single-tone task may reflect the functional interconnectedness of temporal-occipital areas during target-processing. Therefore, the occipital activation ultimately may be found to be an indication of the same attentional orienting processes in visual tasks reflected by the temporal lobe-N1 association in auditory task.
It also is possible that differences in hemodynamic activity between the single-tone and two-tone tasks might be the result of differences in the baselines used to measure BOLD signal change in each condition. In the current experiment, the two-tone task was designed so that the standard stimuli would form a stable baseline for comparison, whereas the single-tone condition did not include standard stimuli. One possible concern might be that frequent nontarget stimuli engage some brain regions that are not engaged during the single tone condition. For example, a recent large sample (n=100) fMRI study found that frequent nontarget stimuli engage bilateral middle and superior temporal gyrus, left middle frontal gyrus, and left cingulate gyrus. Of these regions, the current study found evidence for greater hemodynamic activity for single-tone target stimuli than two-tone target stimuli in bilateral superior and middle temporal gyri (see Figure 3 ).
Thus, it is possible that differences between single-tone target and two-tone target stimuli in these latter areas reflect differences in baseline rather than differences in hemodynamic activity elicited by the target detection per se. Thus, these latter effects should be interpreted with caution.
In conclusion, target detection within oddball paradigms elicits hemodynamic activity in a distributed network of brain structures, regardless of whether participants are presented with one or two classes of stimuli. These findings are consistent with the argument (Halgren et al., 1998; Kiehl et al., 2005) that the ability to rapidly identify, evaluate, and coordinate neural activity in order to execute a salient behavioral response in different experimental contexts engages multiple, spatially-distributed parallel processing systems. Thus, these data support the hypothesis that the mammalian brain has evolved to adopt a strategy of engaging many potentially useful brain regions despite the low probability that these brain regions are necessary for successful task performance. This has been termed 'adaptive reflexive processing' (Kiehl et al., 2005) . Some brain areas showed evidence of comparatively greater amplitude of the hemodynamic response in the single-tone task. It remains unclear if these differences reflect differences in cognitive processes between the two tasks, or if they are the result of physiological mechanisms. However, existing evidence points most persuasively to greater attentional orienting, as reflected by electrophysiological experiments detailing the N1 ERP. The present study also demonstrates that fMRI contributes important information related to cognitive processes formerly only studied effectively with EEG. Although the relationship between ERP and fMRI signals is not completely understood and the use of combined EEG/fMRI techniques is as yet not widespread, many of the questions left unanswered by the current study might be effectively addressed by future studies combining fMRI and ERP technologies. Tables   Table 1. Summary of the significant areas of activation for the comparison of target stimuli in single-tone versus implicit baseline and two-tone versus nontarget baseline in 34 regions of interest defined by prior work (Kiehl, et al. 2001a) Figure Captions . Fitted hemodynamic response estimates averaged across sessions and subjects for single-and twotone target stimuli for selected regions in prefrontal cortex, parietal lobe, basal ganglia, and cerebellum regions. Single-tone (blue) reflects target hemodynamic response amplitude relative to the implicit baseline. Two-tone (red) reflects target hemodynamic response amplitude relative to frequent nontargets.
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